Similar to most developed countries, obesity rates in Russia have been steadily increasing. This has led to a high burden of obesity related diseases and associated healthcare costs. The micro-simulation model has been utilized to project body mass index (BMI) and BMI related disease burden and healthcare costs. Incidence, mortality, survival and healthcare costs were collected for thirteen diseases. The results have been simulated for 3 hypothetical scenarios to project a potential impact of policy interventions: 1) assuming no reduction in BMI; 2) 1% reduction in mean BMI across the population; 3) 5% reduction in mean BMI across the population. Nearly 58% of the female population was obese (BMI ≥ 30 kg/m²) or overweight (BMI 25 -29.9 kg/m²) in 2010, and the prevalence is projected to decrease to 54% in 2050. The rates are predicted to increase for men from 51% in 2010 to 76% in 2050. The prevalence rates will triple for some obesity-related diseases. A one percent decrease in BMI across the population will save more than two billion US Dollars in 2030 and 2050. Despite female obesity prevalence starting at a higher point than the men, obesity is predicted to increase in males but not females. Disease and economic burden attributed to these obesity rates are still severe and the country should implement strong policies to tackle the obesity epidemic.
INTRODUCTION
Since the collapse of the Soviet Union and emergence of the Russian Federation in 1991, the country has faced a significant number of public health challenges both as a consequence of the transition from a state funded health system to a predominantly privately supported system, and through the rise in risk behaviours and conditions such as obesity, smoking and alcohol consumption [1] . Studying the health of the Russian population is compounded by a number of factors. For instance men have very low life expectancy for a country of its wealth [2, 3] . Similar to most developed countries the obesity rates in Russia have been on a steady increase. In 2004 overweight persons were more likely to become obese compared with the probability in 1995 [4] . This rise has led to a rise in the prevalence of diseases commonly associated with obesity. In 2000 the World Health Organisation (WHO) has listed Russia among the top 10 countries with the highest numbers of estimated cases of diabetes [5] . Ischemic heart disease is a leading cause of mortality in Russia [1] . Coronary heart disease (CHD) rate is double that found in many European countries [6] . Although these high rates are certainly in part a consequence of high rates of smoking and alcohol [7] [8] [9] [10] [11] . Obesity is also certainly implicated in the rise in rates of these diseases [12] [13] [14] [15] .
Ageing and sedentary lifestyle have certainly contributed to the growth of obesity, but dietary change and an economic transition could be the main causes for obesity growth in the Russian Federation. Russia is one of the most geographically diverse countries in the world (spanning nine time zones [16] ) where the food consumption patterns vary much within regions. Severe climate could explain low fruit and vegetable consumption and reliance on meat and high protein and fat [12] [13] [14] .
However for many, it is argued that, fruit and vegetables are easily accessible for a reasonable price and the main reason is the change in the traditional dietary pattern to a more westernised diet.
The dietary factors are considered to be the one of the main reasons for arterial hypertension [1, 17] . In the former Soviet Union, diets were rich in meat, fish and dairy products [1] , often higher than the recommended dose [18] . As a consequence of "price shocks" following the dissolution of the soviet Union, couple with enhanced unemployment and poverty, people tended to buy cheaper products and consumption of potatoes increased considerably. As a result, obesity rates have increased since 1994 [13, 14] affecting more females than males [13, 19] . The average individual BMI in 2004 was 1.2 units higher than in 1994 (27.4 vs 26.2) [13] .
Despite the current disadvantageous health profile, an improvement in cardiovascular disease (CVD) mortality was observed in Russia [20] . The CVD rates reduced significantly in 1986 due to a new alcohol policy and more recently, due to economic improvements in 1998 [10, 11, 19] . Since 2005, a clear decreasing trend in CVD mortality has been observed [21] , although CHD mortality rates still remaining high [6] this may be linked to obesity growth. Stroke and myocardial infarction mortality among men is increasingly associated with metabolic syndrome [22] . The role of nutrition was also connected to some cancers [19] . This is the first paper examining the consequences of body weight on Russia and the objective is to examine the impact of BMI change on the health profile of the country; its consequences on multiple diseases as well as potential healthcare costs. The authors also examine the effect of achievable obesity decreases on disease and economic burden which in turn can be used for policy planning and intervention.
METHODS

Disease Data Collection and Calculations
Multiple online resources have been searched both in English and Russian languages. In order to project the obesity trends in Russia, BMI data was taken from the best available, nationally representative data RLMS-HSE. The RLMS-HSE, a household-based survey series is designed to observe the consequences of reforms on the health and economic wellbeing of the Russian population [23] . The data from 1995 to 2009, in total 13 data points has been used for the purposes of this study 1 . Statistical
Package for the Social Sciences (SPSS) was used to unpack the material. The data manipulation method is described in the Appendix 1. We categorised BMI data into three categories: not overweight, (≤24.9 kg/m 2 , also includes underweight population), overweight (25 -29.9 kg/m 2 ), and obese (≥30 kg/m 2 ). The BMI data is selfreported rather than measured which leads to potential anomalies which will be discussed later.
Statistical Methods
We undertook a two-part modelling process developed by Micro Health Simulations (MHS) based on the methods initially developed for the UK Foresight Tackling Obesities enquiry [24] [25] [26] . The first module implements a regression analysis based on a series of RLMS-HSE data. The second module implements a micro-simulation programme to produce longitudinal projections. In the first module we fit multivariate, categorical regression models to the cross-sectional BMI data series by sex. We included age and calendar year as covariates, and constrained the predicted proportions of population in each BMI category. We simulated five million individuals by sex and scaled up the simulated population to reflect the total population size in the population. The 95% confidence intervals for the projected prevalence were calculated from the Bayesian Posterior distribution of the regression parameters.
Micro-Simulation of Obesity and Related Disease Consequences
Within the Foresight micro-simulation framework [24] [25] [26] , we created a virtual cohort of Russian individuals based on the projected BMI distributions 2010-2050. We probabilistically assigned the BMI values as a function of age, sex, and calendar year. Assuming one's BMI ranking (i.e. percentile) in the same-age cohort remains constant overtime, we longitudinally simulated the BMI trajectories of a large number of individuals as they age. Size and age distributions are based on published projections from the United Nation Population database [27] and every year, each simulated individual in the model had a probability of getting a specific disease if he or she was free of the disease at the beginning of the year. This risk is predetermined by age, sex, and BMI. For individuals with a disease, possible outcomes are recovery, continuation of the disease, or death from a particular disease or unspecified cause. The progress of any disease was determined by the appropriate survival and casefatality statistics. A review of the epidemiological literature was undertaken to determine the country-specific incidence, case fatality rates, and approximate annual treatment costs for the following obesity-related diseases: type two diabetes, coronary heart disease, stroke, knee
osteoarthritis and obesity-related cancers 2 by age and sex. Relative risk of disease is taken from a systematic review of the epidemiological literature [28] .
For the micro-simulation, incidence, mortality and disease survival data were collected where appropriate (Appendices 4-5). Obtaining reliable data for cancer survival was a particular challenge. We were able to obtain survival for only three cancers 3 ; for other cancers the UK survival rate has been used assuming that it would be the same in Russia. The rectal cancer figure has been applied to the colorectal cancer. As we do not model colon and rectal cancers separately, and the mortality and incidence of these two conditions have been simply added. Because of the low prevalence of these cancers employment of this method should not unduly bias the results.
In the micro-simulation we usually use the disease incidence rather than prevalence rate to produce the outputs. For some diseases we were only able to obtain prevalence figures. We used prevalence to calculate the incidence for the diabetes and hypertension in this case. For a person aged a k with gender s in year k we identify the following probabilities: p 0 (k) denotes the probability of being alive without disease d in year k, p 1 (k) denotes the probability of being alive with disease d in year k and p 2 (k) denotes the probability of being dead in year k, p k denotes the probability of dying from disease d in year k (gender s, age a k ) and p k denotes the probability of dying from a cause other than disease d in year k (gender s, age a k ).
The probabilities of being alive with or without the disease (states 0 and 1) and being dead (state 2) are given by the recursive matrix equation:
Every column in this equation separately sums to unity. We suppose that we know the death statistics p k and p k . If the incidence statistics are known the equation allows the calculation of prevalence p 1 (k). And, with a little rearrangement, if the prevalence is known the equation allows calculation of the incidence. A slightly more complex version of this equation will allow for the inclusion of remission statistics-when these are known (remission statistics allow for the transition from state 1 to state 0). Like most life table statistical calculations it is assumed that the input statistics valid in some year Y are valid for all years k of the lifespan of the implicit pseudo cohort.
Though CVD is considered as one of the major causes of mortality in Russia, incidence data was difficult to obtain. Our program incorporates only data by sex and age. For many conditions only absolute incidence numbers were available. We believe that our CHD figures are underestimated as the mortality rates we have extrapolated from the charts are twice as low as from the WHO and include only acute ischemic heart disease (IHD). For stroke data we have used the paper with the detailed data from the 1980s [29] and applied the ratios to the absolute figure for 2006 [30] . The WHO figures have been used for the stroke mortality data. Only 30 days of case fatality was available for stroke, therefore, we have used it as one year survival. The knee osteoarthritis (OA) figures were not available by age or sex (data from 2008). In order to calculate the incidence ratios among men and women (by age groups), ratios from the UK have been used 4 [31] . As the Russian data was an absolute osteoarthritis incidence rate (not just the knee), the ratio for OA was applied to that number, then men-women ratio was calculated and at last, the incidence rates within the age groups was estimated.
Disease Costs
There is scarce literature available for the costs of health care in the Russian Federation. We were able to obtain total health care cost of diabetes and CVD. Despite extensive literature searches no reliable cancer costs could be obtained. For a more precise calculation of cancer and knee osteoarthritis costs the following method was been used: CHD cost was taken as a constant and reliable number. The ratios of the US health care costs [32] were applied to calculate costs for OA, breast cancer, kidney cancer, oesophageal cancer, endometrial cancer, gallbladder cancer, liver cancer and pancreatic cancer. These aggregated values were then divided by the total number of patients at baseline to estimate annual medical cost per case. As the costs were not all the same year, they were brought up to the same year for consistency. That is, diabetes cost was inflated for 2009 5 and applied to the model. We probabilistically assigned diseases and associated costs in all subsequent years as a function of the individual BMI trajectories using a Monte-Carlo simulation method [33] . Costs are presented in millions of US Dollars. Initially, the costs were projected in Russian Rubles and then converted to US Dollars 6 . The cost input data is presented in Appendix 3.
RESULTS
The BMI Distribution
After creating the population profile for the Russian Federation, the BMI database has been utilized within the program. Tables 1 and 2 represent the BMI distribution among the male and female population of Russia. In Table 2 , the age groups were aggregated and as seen, the prevalence of BMI ≥ 25 kg/m 2 among females is decreasing steadily. The opposite picture is observed among males. Our calculations show that 75% of men will be obese or overweight by 2050. Whether this really will be the case is difficult to predict as there will be a number of confounding factors, but clearly the trend represents a significant growth. Detailed five year age group projections have shown that obesity among all male adults goes up; the overweight and obesity rates increase within all age groups. Distribution of normal weight among women aged 20 -49 is increasing, and as a consequence, overweight and obesity percentage goes down. Another exception is the group of women aged 60 -69, where we see improvement of the BMI distribution. Overweight and obese women aged 50 -59 and 70 -79 outnumber the normal weight females (Tables 1 and 2 ).
The Micro-Simulation
Projecting BMI distribution was the first part of the project. After applying the distribution trend to the population, we have extrapolated 13 BMI related diseases. Prevalence of each disease was projected until 2050 assuming there would be no change in the BMI distribution. In Table 3 eight cancers have been grouped as well as CHD and stroke. The prevalence numbers nearly double for all conditions. For example, hypertension was projected to be 18,833 cases per 100,000 reaching 36,438 only in 2050. The numbers triple for type two diabetes (from 1345 to 3301), knee osteoarthritis as well as for cancers, CHD and stroke. Please note that all the numbers represent untreated cases. See Table  3 .
A slight change in the BMI distribution could have an effect on disease burden. The BMI distribution reported in this paper was simulated for three scenarios; scenario zero-unrestricted BMI growth as predicted; scenario one: one percent BMI reduction in 2010 relative to scenario zero and scenario 2: 5 percent BMI reduction in 2010 relative to scenario zero. We believe that a one percent decrease is achievable with the correct public health interventions. The modelling process highlights the very large impact that a just a small change in BMI can have upon obesity and disease rates. A five percent decrease is more difficult but certainly achievable provided enough interventions are implemented. Each simulation consisted of five million Monte-Carlo trials. Five million interactions were used to obtain more robust simulations and eliminate uncertainties. See Table 4 .
The disease healthcare costs were also projected for cancer, CHD and stroke costs along with all 13 diseases for three scenarios ( Table 5) . Cancer costs will increase from $801 million to $1.3 billion in 2030 and to $2.1 billion in 2050, CHD and stroke costs will increase between $6.5 to $17.4 billion in 2050. For all modelled diseases costs are projected to increase to $48 billion in 2050 from $20 in 2010. Changes in obesity rates could save billions of US Dollars. One percent decrease in BMI will save $2.3 billion in 2050 and a 5 percent reduction in BMI will reduce the health care cost by $5.3 billion. Our modelling method does not consider applying discount rates; therefore, it has not been applied to these figures. For the presentation purposes the cost of the hypertension, knee osteoarthritis and type two diabetes have been aggregated and presented in the Table 5 .
DISCUSSION
The results from this study show that despite female obesity rates starting at a higher point than the rates among men, obesity prevalence is predicted to increase among the male population of Russia, and not among females. It is difficult to explain the BMI distribution differences among various age groups among women. The decreasing patterns of obesity can be explained by possible underreporting from the female population. There is social desirability amongst women to be slimmer than men and overweight and obese women are more likely to underreport their weight than men [34] . Some of the studies found that older women are more likely to underreport body weight than younger females [35, 36] , but some found no link between age and underreporting [37, 38] . Monteiro and colleagues argue that improving living standards in middle income countries have a different effect on BMI of men and women: clearly negative for women, and mixed to positive for men. Projected trends may be explained by this theory since the living standards in Russia have been improving for some time [39] .
We have analysed the demographic changes according to United Nations (UN) population data [27] . Since the dissolution of the Soviet Union in 1991 low birth rates and abnormally high death rates caused the Russian population to decline [1] . As a consequence there are an unusually small number of young people in Russia which will have a significant impact upon the future burden of diseases and subsequently, the health system as these young people enter middle age. Recent evidence suggests that in 2009 the Russian population began to grow for the first time in fifteen years [40] . The effects of the low life expectancy amongst men are also evident from the pyramid with a sharp decrease between the 50 -59 and 60 -69 groups (Appendix 2). During the incidence data collection authors encountered a number of problems with the databases. We Table 4 . Projection of BMI-related cumulative incidence cases avoided among all adults (relative to scenario 0). Numbers in square brackets indicate confidence intervals. believe that cancer, stoke, hypertension, knee osteoarthritis and type two diabetes incidence/prevalence data is accurate, reliable and represents the real picture despite some calculations carried out during the study. However, CHD incidence rates were not available, and as noted before, the data has been drawn from the acute IHD rates which lead to potential underestimation of the projected rates. The rates are likely to be much higher in Russia, due alcohol consumption rather than obesity. The micro-simulation approach presents a unique opportunity to look at the BMI trends and BMI attributed disease burden, its costs and the impact of attenuating those trends in whole or segments of the population. However, this method, like all modelling, is dependent on the quality of the data inputs. Whilst there are clearly limitations in the availability of data to us as researchers, we feel that the value of the outputs in quantifying the future impact of obesity to the Russian Federation overcomes these limitations. The analysis carried out in this research clearly demonstrates the considerable benefits of even small changes in BMI at a population level; one point reduction is certainly not over ambitious, however our simulation can be used to show benefits of particular interventions. The Organisation for Economic Co-operation and Development (OECD), however, evaluated the cost-effectiveness of various prevention programmes in Russia and concluded that some of them are effective and could save up to 95,000 lives every year. Nevertheless, the most effective interventions are more costly and they are cost-effective in the long run but not in short. In fact, food labelling or fiscal measures will make a return short after the implementation. More lives could be gained by complex prevention programmes which would cost 1.18 USD per head annually [41] .
OPEN ACCESS
The study has several limitations due to poor quality data and data scarcity. In this study we have had to rely on self-reported BMI data rather than the more objective measured anthropometric data which is more costly to obtain. Self-report may bias the results as height and weight is often misreported (Visschler et al., 2006) and unfortunately it was not possible for us to correct for this [35] . Nevertheless, until more suitable data exist these type of data must be employed for calculating and assessing health care costs by Government agencies. It can help shape the health care system and disaggregate the funds to a more vulnerable sphere. The Russian Federation might have costs for each disease however, they were limited to public access, thus we had to carry multiple calculations to estimate some cancer and knee osteoarthritis costs. Obviously, we cannot require having costs for all the diseases we model, but some cancers carry out a vast burden of health care costs, and they cannot be ignored.
Our work demonstrates the value that the availability of good health and economic data to policy makers could have in determining the future burden and benefit of policies to prevent the future incidence of avoidable chronic diseases. It is of course both possible and plausible that data exist within Governments that are not accessible to researchers. We hope that the value of this work will demonstrate the need to make all data more widely available. A further analysis of the different data sets will be a valuable contribution to the obesity research.
APPENDICES Appendix 1. The RLMS-HSE Data Manipulation Method
Rounds 6 to 14 1) Gender variable from file "health" was merged into file "anutri" file which contained BMI data. There was a lot more data in the 'health' file than the "anutri" file (~10,000 cases to ~7000) and so we sorted both files by "site", "census", "family", "person". We then merged the gender variable matching cases based on these four ID variables.
2) This created a lot of missing data -~3000 cases where BMI was not available but gender was. We filtered out missing data and created a new data file with complete BMI data.
3) We calculated age in years from months. Rounds 15-18 1) Round 15-18 did not include constructed variables and so we merged height and weight variables, date of interview, date of birth, gender from "inadlt" into a new data file.
2) We computed a new height in metres variable from the "htself" variable in cms.
3) We created date of birth and date of interview variables from their respective separate date, month and year variables. Then calculated age by subtracting date of birth from date of interview using the date/time function in SPSS.
4) We calculated BMI (kg/m 2 ) from height and weight data and then WHO category (1 = uw, 2 = nw, 3 = ow, 4 = ob) from mean BMI data (syntax pasted below). 5) We created a "year" variable. Where years overlap e.g. round 8 (1998-1999) 
